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When oppositely charged polyelectrolytes are mixed at suitable conditions of pH, 
temperature, and ionic strength, they tend to phase separate into a polymer rich 
(coacervate phase) and a polymer lean supernatant phase. This associative liquid-liquid 
phase separation is called Polymer Coacervation. Polymer coacervates have been widely 
used as micro-encapsulants in the food industry, drug delivery vehicles, underwater 
adhesives, and sensors.  Historically, the phenomenon of coacervation has been 
understood using two disparate ideas. Many researchers believe that the primary driving 
force for coacervation is the electrostatic interactions between the oppositely charged 
polyelectrolytes and rely on the Voorn-Overbeek theory to understand the phase 
behavior. However, existing theories like Voorn-Overbeek and their counterparts do not 
capture the effect of these local correlations that occur at shorter length scales than 
considered in mean field approach. 
 The second approach is to understand coacervation using the Manning condensation 
theory. In dilute solutions of polyelectrolytes, they are surrounded by a layer of 
oppositely charged counter-ions condensed along the contour of the chain. Upon mixing 
two oppositely charged polyelectrolytes, these ions are released into the bulk resulting in 
an entropic gain. Many experiments have confirmed that the counter-ion release upon 
coacervation is the dominant driving force for coacervate formation. In the current study, 
we wish to describe the phase behavior of coacervates using only the Manning 
condensation theory.  
Coacervate phase is highly dense and therefore requires an enormously high 
computational cost to study them. If the Manning theory holds good, we could describe 
the phase behavior of polymer coacervates and their response to change in local 
characteristics of the chain just by analyzing the dilute phase. This not only saves 
computational time but also provides us with a qualitative understanding of the phase 
behavior of the system. In the current project, we have chosen chain stiffness as one of 
the local parameters and have analyzed how this parameter affects the phase behavior. 
Molecular Monte Carlo simulations have been carried out using coarse-grained 
Restricted Primitive Model to study coacervation. Counter-ion condensation along the 
chain is characterized using the Radial Distribution Function. Our results indicate a 
dominant effect of the chain stiffness on coacervation. Flexible chains enhance the 
coacervation tendency whereas stiffer chains diminish the coacervation tendency. We 
believe this would be of potential importance in the design of stimuli-response polymer 
for drug release and delivery. 
 
 
 
 
 
 
 
 
 
